The unexplained normal state and superconducting (SC) properties of the cuprates are believed to arise from doping an antiferromagnetic (AFM) Mott insulator. The competition between the AFM and SC can explain the increase in the SC transition temperature (T c ) with doping. However, the decrease in T c beyond optimal doping remains an outstanding enigma. Here, we use resistivity, magnetothermopower and magnetization experiments to show the emergence of a ferromagnetic (FM) phase beyond the superconducting dome in the electron-doped cuprate La 2-x Ce x CuO 4 (LCCO). This unexpected discovery suggests that a quantum phase transition occurs at the end of the SC dome and that a competition between superconductivity and FM can explain the decrease in T c in the over doped cuprates. Our findings show that the overdoped cuprates are not as simple as previously thought and they pose a challenge to most models proposed for the cuprates.
The physics of the copper oxide (cuprate) superconductors has been intensely debated since their discovery in 1986. Although the physics of a doped Mott insulator can explain many properties of the underdoped and optimal doped cuprates, it is not clear how this approach can work at higher dopings. In fact, it is usually assumed that over-doped cuprates are very conventional and that they emerge from a Fermi liquid (FL) normal state. But, recent work has found a non-Fermi liquid (strange metal) normal state, with a linear-in-T resistivity down to 30 mK, in overdoped LCCO (1). Another result finds an unconventional (non-FL) linear-in-H magnetoresistance in LCCO (2) , correlated with the linear-in-T resistivity and the disappearance of SC for doping above the Fermi surface reconstruction at x=0.14 (3). Moreover, an unconventional thermoelectric power is observed in the same region of the LCCO phase diagram (4) . All these experiments indicate that the nature of the normal state at low temperatures in the overdoped region is a non-Fermi liquid with a possible extended doping range of quantum criticality. Similar observations of non-FL transport have also been reported for the overdoped p-type cuprate La2-xSrxCuO4 (LSCO), down to 4K (5) . Moreover, an anomalous loss of superfluid density has been observed in overdoped LSCO (6) In 2007, Kopp et al. (7) hypothesized that the temperature dependence of the magnetic we find an anisotropic magnetoresistance (AMR), which is a well-known effect in metallic ferromagnets and is a consequence of spin orbit coupling [12, [15] [16] [17] [18] . The data is shown in Fig.   1 (b,c) and Fig. 3 , where the MR depends on the relative orientation of the current and the magnetization.
We find that the transverse MR remains negative up to ~70 K (Fig. S2 ). Based on prior experiments on low carrier density ferromagnetic transition metals (19) , and theory (20), we would guess that ferromagnetic fluctuations are present. However, we did not observe evidence of FM spin fluctuations in the temperature dependence of the resistivity, which follows T 2 behavior up to ~ 100K, rather than a T 4/3 (2D) or T 5/3 (3D) behavior predicted for FM fluctuations (21) . Future experiments such as uSR (9,10) will be needed to probe the range and impact of the FM fluctuations. The FM in overdoped, non-SC, LCCO resembles that found in weak itinerant ferromagnets such as UGe2 (22) and Y4Co3 (23) , which also exhibit T 2 resistivity.
The FM order may exist above the doping x=0.19, but we were unable to prepare homogeneous films. The onset of SC at 5 K for x=0.17 rules out a low temperature MR study for this doping.
Based on the positive normal state MR in x=0.17 (shown in Fig.1 ) and the uSR study of LCCO (24), it is reasonable to predict the absence of any FM order below x=0.175. We attribute the observed ferromagnetism to the hypothesized low temperature ferromagnetic order in the copper oxide planes of overdoped cuprates (7).
Finally, our discovery of low temperature static FM order explains the cause of the unknown quantum critical behavior previously found at the end of the SC in LCCO (11) based upon magnetic field and temperature scaling of the resistivity. These authors also reported a resistivity proportional to T 1.6 at the end of the SC dome. This power law of resistivity is close to that expected from three-dimensional FM fluctuations (21) . Thus, the T 1.6 resistivity and our present result of FM order above the SC dome strongly suggests a SC to FM quantum critical point at the end of the superconducting dome in LCCO (and probably for all cuprates).
In conclusion, our present study establishes that static ferromagnetic order exists in the overdoped, non-SC, cuprate LCCO at temperatures below 4 K. This strongly suggests that there is a ferromagnetic quantum critical point at the end of the superconducting dome. Our findings support the theoretical picture of a competition between d-wave superconductivity and ferromagnetism (7), which can explain the decrease in superconductivity above optimal doping.
The competition between FM and SC might also explain the loss of superfluid density recently found in hole-doped cuprates (6). Our surprising results provide an important new clue to solve the mystery of the cuprate superconductors.
Methods:
High quality La2-xCexCuO4 (LCCO) thin films of thickness about 150 -200 nm were grown using the pulsed laser deposition (PLD) technique on SrTiO3 [100] substrates as in our previous work (2) The LCCO targets were prepared by the solid-state reaction method using 99.999% pure La2O5, CeO5, and CuO powders. The magnetotransport measurements have been 
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Low field magnetoresistance of x=0.18:
The figure S1 shows the transverse low field magnetoresistance with + 500 Oe to -500 Oe sweeping field at temperatures 2K, 3K, 3.5K and 3.7 K. 
High temperature magnetoresistance:
In Figure S2 , we show the higher temperature out-of-plane magnetoresistance of one x=0.18 Ce doped LCCO sample. The MR of this sample is negative at lower temperatures below 50 K. At 50 K the low field (below 6 T) magnetoresistance is negative and at higher field it is positive.
The magnetoresistance with temperatures becomes fully positive at 70 K as shown in the Fig.S2 12 inset. The theory for magnetoresistance in ferromagnetic metals below the Curie temperature is well understood (1). The negative magnetoresistance above the Curie temperature in a ferromagnetic metal is not common. Experimentally, negative magnetoresistance is seen in several ferromagnetic transition metals with low carrier density (main text ref -20) . These observations have been explained by spin fluctuations above the Curie temperature. Cuprates are also known to be a disordered low carrier system. Based on these observations, we speculate that the negative magnetoresistance is due to ferromagnetic spin fluctuations above the ferromagnetic transition temperature (main text Fig.4 ). Figure S6 shows the low field magnetoresistance of conducting Nb-SrTiO3 and oxygen reduced SrTiO 3 metal oxides (Nb-SrTiO 3 was from CrysTec, GmbH, Germany) and oxygen reduced SrTiO 3 (2) for reduced SrTiO 3 sample preparation). The purpose of these measurements was to confirm that the low field magnetoresistance is not related to any artifact from the substrate. In the MR plotted here, we do not see any anomalous negative MR or low field hysteretic behavior. This measurement confirms that the low field magnetoresistance described in the main text is linked to the LCCO thin film rather than the substrate. 
Magnetoresistance in other oxides:

Intrinsic origin of the ferromagnetism:
Ferromagnetism in a thin film (below 200 nm) grown on a substrate has often been linked to a magnetic impurity origin (3). There are several possible sources of impurity ferromagnetism:
1) The hysteresis in a SQUID magnetometry measurement could be from contamination by sample handling with a magnetic tweezer. However, this is unlikely to show a hysteresis in magnetoresistance or magnetothermopower as we have observed.
2) The presence of magnetic impurities (e.g.,Fe, Co, Mn) in the film or the substrate.
Our data rule this out for the following reasons:
a) The magnitude of the magnetic moment our LCCO film is too large (0.08 μ B /fu) to be caused by magnetic impurities. A moment this large would would require more than 2% of ferromagnetic impurities (like Fe, Co, Mn), which is not possible with the purity of our PLD materials. b) We have measured the magnetic moment in the film after subtracting out the substrate contribution (Fig-2c in the main text, Fig.S3 ).
c) The slightly lower doped x=0.17 shows no ferromagnetic-like magnetoresistance, even though these films are prepared from same source of metal oxide. d) To the author's knowledge, all magnetic impurities related to weak ferromagnetism have a high Curie temperatures (above 300 K) and the saturation magnetism does not change with temperature significantly (3, 4) . In contrast, the magnetism in LCCO is seen at very low temperature (below 4 K).
LCCO did not show any structural change in the X-Ray Diffraction (XRD) pattern of the higher doped sample as shown in Fig. S7 . The XRD pattern looks very similar throughout the doping range studied. A recent Cu L-edge resonant inelastic X-ray scattering study (5) of LCCO shows that Cu is in the 2+ state beyond the superconducting dome and Ce is known to be in 4+ states (6) in electron-doped cuprates. The Ce4+ and La3+ are unlikely to be ferromagnetic (no unpaired electrons and no evidence found to date). However, we cannot rule out a small amount (1% or less) of Ce3+. But, we would not get our large measured moment from a few percent of Ce3+ in isolation, or combined with oxygen.
Therefore, we attribute our observed ferromagnetism to an intrinsic property of the copper spins in a metallic system, i.e., a weak metallic ferromagnet. Figure S7 . X-ray Diffraction pattern of La2-xCexCuO4 grown on SrTiO3 substrate.
The S indicates substrate peak. Dopings are indicated in each panel.
